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(57) ABSTRACT 
A Switching power converter provides regulated Voltage to a 
load according to a desired regulation Voltage. The Switching 
power converter includes a transformer coupled to a switch 
and a Switch controller for generating a control signal to 
control Switching. The Switch controller monitors a sensed 
Voltage representing the output Voltage of the Switching 
power converter. The switch controller controls switching of 
the Switch to operate the Switching power converter in a 
continuous conduction mode while the sensed output Voltage 
indicates that the output voltage is less than a first threshold 
voltage. The switch controller controls switching of the 
Switch to operate the Switching power converter in a discon 
tinuous conduction mode while the sensed output Voltage is 
above the first threshold voltage. 

18 Claims, 6 Drawing Sheets 
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ADAPTIVELY CONTROLLED SOFT 
STARTUP SCHEME FOR SWITCHING 

POWER CONVERTERS 

CROSS-REFERENCE TO RELATED 5 
APPLICATION 

This application claims priority under 35 U.S.C. S 119(e) 
from U.S. Provisional Patent Application No. 61/431,283, 
entitled “Adaptively Controlled Soft Start-Up Scheme For 10 
Switching Power Converters' filed on Jan. 10, 2011, which is 
incorporated by reference herein in its entirety. 

BACKGROUND OF THE INVENTION 
15 

1. Field of the Invention 
The present invention relates generally to a power con 

Verter, and more specifically, to a power converter having a 
Switch controller controlling the Switching cycles at start-up 
and/or power on reset (POR). 2O 

2. Description of the Related Art 
Power converters typically require error circuitry that pro 

vides an "error” signal between the output voltage of the 
power converter and a reference Voltage, in order to regulate 
the output Voltage. The error circuitry should provide a mag- 25 
nitude and a sign (positive or negative) of the output Voltage 
relative to a reference Voltage. The power converter can use 
the error signal to properly regulate the output Voltage by 
increasing or decreasing the amount of power delivered to the 
output of the power converter in response to the error signal. 30 

Conventional power converters typically generate an error 
signal by sensing the output voltage as an analog value, deriv 
ing the difference between the sensed output voltage and the 
reference Voltage as an analog value and amplifying it. Con 
ventional power converters may also use an analog-to-digital 35 
converter (A/D converter) to generate the error signal depend 
ing upon the control Scheme. Other conventional power con 
Verters may use analog error amplifiers to generate the error 
signal. 

In many conventional isolated Switching power converters, 40 
the output Voltage is directly sensed on the secondary side of 
a transformer and compared to a reference Voltage fixed so 
that the output Voltage of the power converter is regulated to 
a target level. Alternatively, other conventional isolated 
Switching power converters do not sense the output voltage 45 
directly, and instead sense a Voltage on the primary side of the 
transformer. The sensed primary-side Voltage is compared to 
a reference voltage fixed so that the output voltage of the 
power converter is regulated to a target level. These isolated 
Switching power converters are commonly referred to as pri- 50 
mary-only feedback converters. 

In the case of primary-only feedback converters, there may 
be situations where during certain Switching cycles, the out 
put voltage may differ dramatically from the regulated target 
voltage as set by the reference voltage. One example of this 55 
occurrence is during the initial start-up of the Switching 
power converter. The initial start-up phase is especially diffi 
cult for primary-only feedback converters because they do 
not directly sense the output voltage. When the output voltage 
differs dramatically from the regulated target Voltage during 60 
start-up, the sensed primary side Voltage provides an inaccu 
rate representation of the output Voltage. As a result, conven 
tional primary-only feedback converters may be slow to reach 
the regulated target Voltage after start-up. The problem may 
worsen when the secondary output stage of a primary-only 65 
Switching converter is coupled to an output filter stage that 
includes high capacitance electrolytic capacitors, thus further 

2 
slowing the startup cycle. If the controller of the primary-only 
Switching power converter fails to raise the output Voltage in 
a controlled manner from 0 VDC to the regulated output 
Voltage level within a maximum amount of time, damage may 
be caused to any electronic device(s) connected to the power 
converter. 

Another major function of the controller is to sense and 
detect abnormal and/or fault conditions, and to provide a safe 
operating mode for the Switching converter until the fault 
condition is removed. At the start-up mode, the output Volt 
age, typically starting at 0VDC, is significantly lower than the 
desired regulated output Voltage level. The capacitive load 
based on the output filter capacitors also impacts the rise time 
of the output voltage. The condition of the output voltage 
being significantly lower than the desired regulated output 
voltage level can also be observed in a fault condition where 
there is a short circuit of the output of the switching converter. 
As a result, conventional primary-only Switching converters 
are susceptible to false fault detection. This may prevent the 
Switching converter from start-up even when a fault condition 
does not exist. 
One conventional solution to the above described problems 

is to configure the controller to deliver the maximum amount 
of energy to the secondary until the output reaching the regu 
lation point is detected. However, this conventional solution 
is still problematic because it may cause output Voltage over 
shoot, and Subsequent output Voltage ringing. 

SUMMARY OF THE INVENTION 

A Switching power converter provides regulated Voltage to 
a load according to a desired regulation voltage. A trans 
former includes a primary winding coupled to an input and a 
secondary winding coupled to an output of the Switching 
power converter. A Switch is coupled to the primary winding 
of the transformer. Current through the primary winding is 
generated while the Switch is turned on and is not generated 
while the switch is turned off. A switch controller generates a 
control signal to turn on or turn off the switch. The switch 
turns on responsive to the control signal being in a first state 
and the Switch turns off responsive to the control signal being 
a second state. The Switch controller monitors a sensed Volt 
age representing the output Voltage of the Switching power 
converter. The switch controller controls switching of the 
Switch to operate the Switching power converter in a continu 
ous conduction mode while the sensed output Voltage indi 
cates that the output voltage is less than a first threshold 
voltage. The switch controller controls switching of the 
Switch to operate the Switching power converter in a discon 
tinuous conduction mode while the sensed output Voltage is 
above the first threshold voltage. In one embodiment, the first 
threshold voltage is in the range of 10-25% of the desired 
regulation Voltage at the output of the Switching power con 
Verter. 

In one embodiment, the Switch controller controls switch 
ing of the Switch to operate the Switching power converter in 
an open loop discontinuous conduction mode while the 
sensed Voltage indicates that the output voltage is above the 
first threshold voltage and below a second threshold voltage. 
The switch controller controls switching of the switch to 
operate the Switching power converter in a closed loop dis 
continuous conduction mode while the sensed Voltage indi 
cates that the output voltage is above the second threshold 
Voltage. In one embodiment, the second threshold Voltage is 
in the range of 60-80% of the desired regulation voltage. 

In one embodiment, the Switch controller detects a fault 
condition based on the rise time of the sensed output Voltage 
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during the continuous conduction mode and places the 
Switching converter in a safe mode responsive to a fault con 
dition being detected. 
By operating in CCM at initial startup when the output 

Voltage is Substantially below the desired regulation Voltage, 
the Switching power converter transfers maximum energy to 
the secondary stage, allowing for the rapid rise of the output 
Voltage. By Switching to open loop discontinuous conduction 
mode after the output voltage reaches the first threshold volt 
age, the Switching power converter can begin accurately 
monitoring the output Voltage while still allowing the output 
Voltage to increase as rapidly as possible in discontinuous 
conduction operation. Finally, by Switching to closed loop 
discontinuous conduction mode after the output Voltage 
reaches the second threshold Voltage, the Switching power 
converter can slow the rise of the output Voltage as it nears the 
desired regulation Voltage in order to minimize overshoot and 
ringing. 

The features and advantages described in the specification 
are not all inclusive and, in particular, many additional fea 
tures and advantages will be apparent to one of ordinary skill 
in the artin view of the drawings and specification. Moreover, 
it should be noted that the language used in the specification 
has been principally selected for readability and instructional 
purposes, and may not have been selected to delineate or 
circumscribe the inventive subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The teachings of the present invention can be readily 
understood by considering the following detailed description 
in conjunction with the accompanying drawings. 

FIG. 1 is a diagram illustrating a Switching power converter 
according to one embodiment of the present invention. 

FIG. 2 illustrates the waveform of Vof during a normal 
start-up sequence of the Switching power converter according 
to one embodiment of the present invention. 

FIG. 3A illustrates current waveforms of the switching 
power converter comparing CCM operation to DCM opera 
tion according to one embodiment of the present invention. 

FIG. 3B illustrates voltage and current waveforms of the 
switching power converter in CCM according to one embodi 
ment of the present invention. 

FIG. 4 illustrates the waveforms of CCM during a normal 
start-up sequence and when a fault condition is detected 
according to one embodiment of the present invention. 

FIG. 5 illustrates the waveforms of the transition from 
CCM to DCM of the Switching power converter accord 
ing to one embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The Figures (FIG.) and the following description relate to 
preferred embodiments of the present invention by way of 
illustration only. It should be noted that from the following 
discussion, alternative embodiments of the structures and 
methods disclosed herein will be readily recognized as viable 
alternatives that may be employed without departing from the 
principles of the claimed invention. 

Reference will now be made in detail to several embodi 
ments of the present invention(s), examples of which are 
illustrated in the accompanying figures. It is noted that wher 
ever practicable similar or like reference numbers may be 
used in the figures and may indicate similar or like function 
ality. The figures depict embodiments of the present invention 
for purposes of illustration only. One skilled in the art will 
readily recognize from the following description that alterna 
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4 
tive embodiments of the structures and methods illustrated 
herein may be employed without departing from the prin 
ciples of the invention described herein. 
An embodiment of the present invention comprises a 

Switching power converter providing adaptive primary-only 
control of Switching cycles. At start-up conditions, when the 
output Voltage is significantly lower than the desired regula 
tion point, the primary-only control provides for the orderly 
rise (minimal overshoot and ringing) of the output Voltage 
level while maintaining protection for fault conditions and 
avoiding false fault conditions. The adaptive control allows 
for the proper start-up procedure over a wide range of output 
capacitance that is coupled to the secondary output. 

FIG. 1 is a diagram illustrating a power converter 100 
according to an embodiment of the present invention. The 
Switching power converter includes, among other compo 
nents, a transformer T1, a Switch Q4, an output rectifier diode 
D1, output filter capacitor 105, and a switch controller 101. 

Input voltage V, typically rectified AC Voltage, is input to 
switching power converter 100. Switch controller 101 con 
trols the ON state and the OFF state of switch Q4 using pulse 
signal 102 generated by switch controller 101 in the form of 
a pulse with on-times (T) and off-times (T,). Pulse 
signal 102 may be a periodic pulse with a fixed period, or a 
pulse with its period varying as necessary. When Switch Q4 is 
turned on because pulse signal 102 is high during the on-time, 
energy is stored in the primary side windings Np of trans 
former T1 because diode D1 is reverse biased. When switch 
Q4 is turned off, the energy stored in the primary windings Np 
of transformer T1 is released to the secondary side Ns of 
transformer T1 because diode D1 becomes forward biased. 
Diode D1 rectifies the output voltage on the secondary wind 
ings Ns of transformer T1 and capacitor 105 filters the output 
Voltage on the secondary windings of transformer T1 for 
outputting as output Voltage V. 

Resistors R1 and R2 form a voltage divider coupled in 
series with auxiliary winding Na of transformer T1, and pro 
duce sensed Voltage Vss, which is representative of output 
Voltage V. In general operation, controller 101 monitors 
Vss and controls Switching to maintain V. Substan 
tially near a desired regulation Voltage V (for example, 
within an allowable error range). It is the primary side current 
through Switch Q4 and source resistor Rs. It is the output 
current through load 121. In one embodiment, load 121 com 
prises a high capacitance load (e.g., in the range of 4000-8000 
uF) as may be found, for example, in a network adapter or 
other similar applications. 

For a primary-only Switching power converter, a desired 
waveform to utilize as Vss is the reflected waveform 
across power Switch Q4, and, more specifically, at the point in 
the Switching cycle at or near the moment when the energy 
stored in transformer T1 has been fully delivered to the output 
stage (diode D1 current drops to zero). This point is referred 
to as the “knee voltage' (V-Knee) where the secondary losses 
are minimal. At start-up or power-on-reset (POR), output 
Voltage V is significantly lower than desired regulation 
Voltage V and the knee Voltage does not provide a reliable 
representation of V. It is therefore desirable to build up 
output Voltage V quickly, making the knee Voltage a reli 
able feedback source. 

FIG. 2 illustrates the waveform of V over time t during 
a start-up sequence of Switching power converter 100 at 
power on reset (POR). In the illustrated embodiment, switch 
ing power converter 100 operates in three main modes of 
operation: Continuous Conduction Mode (CCM), High 
Power Discontinuous Conduction Mode (DCM) (also 
referred to herein as open loop DCM), and Normal Discon 
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tinuous Conduction Mode (DCMA) (also referred to 
herein as closed loop DCM). As used herein, DCM may 
generally refer to either DCM or DCMAvo. 

In CCM, controller 101 places switch Q4 in the on state 
prior to all of the energy stored in power transformer T1 being 5 
delivered to the secondary stage. As a result, the magnetizing 
current in power transformer T1 never goes to zero. Once 
switch Q4 is turned on, diode D1 is immediately reverse 
biased and stops conducting current. Thus, Switch Q4 starts to 
conduct current without waiting for the current in diode D1 to 10 
decrease to Zero during off-times (T). The average output 
current I flowing to load 121 is the filtered low-frequency 
component of the current in diode D1. Generally, the average 
output current is greater in CCM than in DCM or 
DCMo, and output Voltage Vo? will rise more rap- 15 
idly. A side-effect of operating in CCM, however, is that 
sensed Voltage V sys does not provide as accurate represen 
tation of output Voltage Vo, as it does in DCM or 
DCM. Thus, for primary-feedback-only Switching 
power converters, it is generally undesirable to operate con- 20 
verter 100 in CCM during regular operation (after startup) 
when a stable and precisely regulated output Voltage V is 
desired. 

In DCM and DCMM, controller 101 controls 
Switching of Switch Q4. Such that the magnetizing current 25 
stored in transformer T1 drops to Zero between switching 
cycles, and the current flowing through diode D1 has com 
pletely dropped to zero before switch Q4 is turned on. As a 
result, average output current is lower in DCM and 
DCM than in CCM, and output Voltage V will rise 30 
slower during startup. Unlike CCM, however, sensed voltage 
Vss can provide a Substantially accurate representation of 
output Voltage Vortin DCMor, and DCMAvor. Specifi 
cally, in DCM and DCMyo, the knee Voltage can be 
used to accurately control switching power converter 100 and 35 
reliably discriminate between normal operation and any fault 
condition that may be present. In general operation (after start 
up), there are many advantages of operating Switching power 
converter 100 in a DCM, including implementing Zero volt 
age switching and using the knee Voltage for achieving pre- 40 
cise primary-only regulation of Voz. 
DCMor, and DCMoral differin that DCMor, oper 

ates in an “open loop configuration while DCMyo 
operates in a "closed loop' configuration. In the closed loop 
configuration (DCM), controller 101 monitors 45 
Vss and controls Switching frequency and primary peak 
current I, through Q4 to maintain Vrata regulated level. In 
the open loop configuration (DCM), controller 101 pro 
vides the same control output regardless of Vss. In one 
embodiment, for example, controller 101 sets the switching 50 
frequency and primary peak current I at predefined maxi 
mum allowable levels to deliver maximum energy to the 
secondary output. In other words, while in DCM. Switch 
controller 101 can allow for the maximum discontinuous 
conduction mode energy to be delivered to the secondary side 55 
while still accurately monitoring the level of V via 
V-Knee. As a result, DCM generally provides a faster 
rise time than DCMyo. However, operating in 
DCM will generally lead to lower Voltage overshoot 
and ringing. 60 

In one embodiment, switch controller 101 operates in 
CCM at initial startup when the output voltage is substantially 
below desired regulation Voltage V. This allows for the 
most rapid rise of V. Switch controller 101 monitors 
Vsevs and Switches to DCMrror, when Vsevs indicates 65 
that V has risen above a first threshold Voltage. Although 
Vss does not provide a precise representation of Vo in 

6 
CCM, it is sufficient for the purpose of determining when to 
Switch to DCM because the first threshold is generally 
set Substantially below the regulation Voltage V. Once in 
DCM, the knee Voltage becomes a reliable feedback 
signal source. Switch controller 101 continues to monitor 
Vseys and when Vseys indicates that Vozhas risen above 
a second threshold voltage, switch controller101 switches to 
DCMwortal. 

In one embodiment, the threshold voltages can be deter 
mined based on a percentage of regulation voltage V. For 
example, the first threshold voltage for switching from CCM 
to DCM could be set to a value between 10% and 25% 
(e.g., around 15%) of V, and the second threshold for 
Switching from DCM to DCM could be set to a 
value between 60% and 80% (e.g., around 70%) of V. 
Other thresholds may also be used without departing from the 
scope of the invention such that the first threshold voltage 
from CCM to DCM is less than the second threshold 
Voltage from DCM to the DCMAvo. The rate of rise 
of output voltage V is such that (rise rate in CCM)>(rise 
rate in DCM), and (rise rate in DCM)>(rise rate in 
DCM) (for a given capacitor value of capacitor 105). 
An advantage of Switching between CCM, DCM, and 

DCM during startup of Switching power converter 
100 is that the startup process provides for rapid rise of V. 
while still limiting overshoot and ringing. When it is known 
that V will be substantially below V (e.g., at initial 
startup), the accuracy of Vss is less critical and CCM 
operation may be used to cause V to rise as rapidly as 
possible. By Switching to open loop discontinuous conduc 
tion mode after the output voltage reaches the first threshold 
Voltage, the Switch controller101 can begin accurately moni 
toring V, while still allowing V to increase as rapidly 
as possible in discontinuous conduction operation. Finally, by 
Switching to closed loop discontinuous conduction mode 
after V reaches the second threshold voltage, the Switch 
ing power converter can slow the rise of Vozas it nears V. 
in order to minimize overshoot and ringing. 

FIG. 3A illustrates various current waveforms comparing 
CCM operation to DCM operation. In CCM, Q4 starts con 
ducting current (as seen in waveform 351) when switch Q4 
turns on without waiting for diode current 353 to drop to Zero 
during the off-times. Average output current 355 represents 
the filtered low-frequency component of diode current 353. 
The magnetizing current 357 in transformer T1 never goes to 
Zero in CCM because switch Q4 turns back on before this 
happens. In DCM. Q4 does not turn on and does not start 
conducting current 361 until diode current 363 drops to zero 
during the off-times. As a result, average output current 365 is 
lower in DCM than in CCM. Furthermore, magnetizing cur 
rent 367 drops to Zero during the off-states of Q4 before Q4 
turns back on. 
FIG.3B illustrates a waveform of pulse signal 102, a wave 

form 103 of primary current I, a waveform 104 of sensed 
Voltage Vss, and a waveform 300 of output voltage V, 
when the controller operates in CCM during a normal start-up 
sequence. When output voltage V is far below regulation 
set Voltage V (e.g., when Vss is below the first thresh 
old Voltage), it is more desirable to increase the output Voltage 
level from Zero Volts (or near Zero) rapidly. As such, during 
the initial startup stage when Vss is below the first thresh 
old voltage, switch controller 101 operates switching power 
converter 100 in CCM to maximize the amount of energy that 
is transferred from the primary to the secondary output and 
achieve the greatest rise time of V. 

During the initial pulse 321 of pulse signal 102, primary 
current I, 103 ramps up from Zero until pulse signal 102 turns 
off switch Q4. When pulse signal 102 turns off switch Q4, a 
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Voltage appears on auxiliary winding Na as representing 
energy transferred to secondary winding NS. Thus, a Voltage 
is seen in Vsense 104 during the off period of switch Q4. This 
Voltage drops back to nearly Zero when pulse signal 102 turns 
switch Q4 back on in the second pulse 322 of pulse signal 102. 
During subsequent pulses 322,323,324 of pulse signal 102, 
primary current I has a higher average value because Switch 
Q4 is turned back on before all of the energy is transferred 
from primary winding Np to secondary winding Ns. Further 
more, Vssincreases following each Subsequent pulse 322. 
323,324 of pulse signal 102 reflecting the rise in V. The 
reflected Voltage 302 at the point where Vss has Substan 
tially stabilized can be used to determine the general level of 
V, although this measurement is not as precise as using 
the knee Voltage in DCM described below. Output voltage 
waveform 300 illustrates the rise of V corresponding to 
CCM operation. Alternatively, for comparison, dashed output 
voltage waveform 301 illustrates the rise of Vilfswitching 
power converter 100 was operating in DCM. As can be seen, 
V rises more quickly in CCM than in DCM. 

In order to further maximize the rise time of the output 
Voltage during CCM, the primary peak current setting can be 
set at maximum with a given necessary operating frequency, 
maximizing the energy delivered to the secondary output. 
There are various ways to implement this, including, for 
example, the techniques described in U.S. Patent Application 
Publication No. 2010/O157636 entitled “Controller for 
Switching Power Converter Driving BJT Based on Primary 
Side Adaptive Digital Control.” to Li, et al. the content of 
which is incorporated by reference herein in its entirety. 
A potential problem with the initial startup stage in CCM is 

that controller101 may be susceptible to false detections of a 
fault condition because in both scenarios, sensed output Volt 
age Vois Substantially lower than regulated Voltage V. 
This problem can be remedied using threshold timers as illus 
trated in FIG. 4. FIG. 4 illustrates V, during a normal 
start-up sequence and when a fault condition is detected. At 
the start-up state, the controller 101 activates a timer (e.g., a 
software or hardware timer internal to the controller 101). If 
sensed output Voltage Vss indicates that V does not 
reach a Voltage threshold within a given time, a fault condi 
tion is detected and switching power converter 100 is placed 
into a safe operating mode. Output voltage 400 illustrates the 
output Voltage rise under a normal start up sequence. Under 
the normal start up condition, output Voltage 400 reaches 
Fault Threshold 1 405 prior to the expiration of Fault 
Timer 1403 and no fault condition is detected. There may be 
multiple fault timers and thresholds such as, for example, 
Fault Timer 2404 and Fault Threshold 2406. Conversely, 
output voltage 401 illustrates the output voltage rise under a 
fault condition. Under the fault condition, output voltage 401 
fails to reach Fault Threshold 1405 prior to the expiration of 
Fault Timer 1403. Switching power converter 100 may be 
placed in a variety of safe operating modes in response to 
detection of the fault condition. The fault condition voltage 
levels Fault Threshold 1405 and Fault Threshold 2406 can 
be based on a percentage of the desired regulation Voltage 
VREG. 

FIG. 5 illustrates the waveforms of the transition from 
CCM to DCM. During pulses 521,522, 523, the switch 
ing power converter 100 operates in CCM. In CCM, switch 
Q4 turns on (in pulses 521, 522, 523) prior to the all of the 
energy in transformer T1 being delivered to the output (diode 
D1 current does not go to Zero). Thus, output current It is 
higher on average than in DCM and V rises rapidly. Fur 
thermore Vss increases following each pulse 521, 522, 
523. Sensed Voltage Vss represents a reflected Voltage of 
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8 
V, but this reflected Voltage does not provide a precise 
representation of V. Nevertheless, the reflected voltage 
provides a general idea of V and is sufficient for compar 
ing to the first threshold Voltage and determining when to 
transition to DCM. Once V has risen above the first 
threshold Voltage (as reflected by Vss), and there are no 
fault conditions detected, Switch controller 101 transitions 
switching power converter 100 from CCM to DCM. In 
the illustrated example, this transition occurs between pulse 
523 and pulse 524. In DCM, knee Voltage V-knee can be 
used to derive an accurate reading of V. The knee Voltage 
is the point in the Switching cycle in which the energy in 
transformer T1 has been fully delivered to the output as the 
diode D1 current drops to Zero, and can be seen in Vss as 
the point connecting two Substantially linear portions of the 
waveform. As can be seen, the knee Voltage is not available in 
CCM because pulses 522, 523 cause Vss to drop to zero 
prior to the knee Voltage conditions occurring, i.e., Switch Q4 
turns on before all of the energy in transformer winding Ns 
has been fully delivered to the output. Once in DCM follow 
ing pulse 523, controller 101 can continue monitoring 
Vss. Specifically, controller 101 detects when the knee 
Voltage of Vss rises above the second threshold Voltage. 
At this point, switch controller 101 will transition switching 
power converter 100 from DCM to the DCM (not 
shown in FIG. 5). 
An embodiment of the present invention comprises a 

Switching power converter providing adaptive primary-only 
control of Switching cycles. At start-up conditions, when the 
output Voltage is significantly lower than the desired regula 
tion point, the primary-only control provides for the orderly 
rise (minimal overshoot and ringing) of the output voltage 
level while maintaining protection for fault conditions and 
avoiding false fault conditions. The adaptive control allows 
for the proper start-up procedure over a wide range of output 
capacitance that is coupled to the secondary output. 

Thus, controller101 beneficially switches between various 
modes of operation during start-up in order to cause V to 
rise rapidly to the regulated level while minimizing overshoot 
and ringing. Furthermore, controller 101 maintains protec 
tion for fault conditions, thus providing for more robust 
operation of switching converter 100. 
Upon reading this disclosure, those of skill in the art will 

appreciate still additional alternative designs for a Switching 
power converter and method for controlling a Switching 
power converter. Thus, while particular embodiments and 
applications of the present invention have been illustrated and 
described, it is to be understood that the invention is not 
limited to the precise construction and components disclosed 
herein and that various modifications, changes and variations 
which will be apparent to those skilled in the art may be made 
in the arrangement, operation and details of the method and 
apparatus of the present invention disclosed herein without 
departing from the spirit and scope of the invention. 

The invention claimed is: 
1. A Switching power converter comprising: 
a transformer including a primary winding coupled to an 

input Voltage and a secondary winding coupled to an 
output of the Switching power converter, 

a Switch coupled to the primary winding of the transformer, 
current through the primary winding being generated 
while the Switch is turned on and not being generated 
while the switch is turned off, and 

a Switch controller configured to generate a control signal 
to turn on or turn off the switch, the switch being turned 
on responsive to the control signal being in a first state 
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and the switch being turned off responsive to the control 
signal being in a second state, 

the Switch controller monitoring a sensed Voltage repre 
senting an output voltage of the Switching power con 
verter, and the switch controller configured to control 
Switching of the Switch to operate the Switching power 
converter in a continuous conduction mode while the 
sensed Voltage indicates that the output Voltage is less 
than a first threshold voltage, the switch controller fur 
ther configured to control switching of the switch to 
operate the Switching power converter in an open loop 
discontinuous conduction mode while the sensed Volt 
age indicates that the output Voltage is above the first 
threshold voltage and below a second threshold voltage, 
wherein the Switching controller controls Switching of 
the switch independently of the sensed voltage when in 
the open loop discontinuous conduction mode, and the 
switch controller configured to control switching of the 
Switch to operate the Switching power converter in a 
closed loop discontinuous conduction mode while the 
sensed Voltage indicates that the output Voltage is above 
the second threshold voltage, wherein the first threshold 
Voltage and the second threshold Voltage are less than a 
desired regulation Voltage of the Switching power con 
Verter. 

2. The switching power converter of claim 1, wherein the 
switching controller controls switching of the switch in the 
continuous conduction mode Such that a transformer magne 
tizing current remains above Zero. 

3. The switching power converter of claim 1, wherein the 
switching controller controls switching of the Switch in the 
open loop discontinuous conduction mode and the closed 
loop discontinuous conduction mode such that a transformer 
magnetizing current drops to Zero before the Switch is turned 
on in each Switching cycle of the Switch. 

4. The switching power converter of claim 1, wherein the 
switching controller controls switching of the switch in the 
open loop discontinuous conduction mode such that a Switch 
ing frequency and peak primary side current are maintained at 
predefined levels regardless of the sensed Voltage. 

5. The switching power converter of claim 1, wherein the 
switch controller controls switching of the switch in the 
closed loop discontinuous conduction mode Such that the 
output Voltage is maintained within an allowable error range 
of the desired regulation Voltage. 

6. The switching power converter of claim 1, wherein the 
second threshold Voltage comprises a predefined percentage 
of a desired regulation Voltage, wherein the predefined per 
centage is in a range of 60%-80%. 

7. The switching power converter of claim 1, wherein the 
first threshold Voltage comprises a predefined percentage of a 
desired regulation Voltage, wherein the predefined percentage 
is in a range of 10%-25%. 

8. The switch power converter of claim 1, wherein the 
Switch controller is further configured to activate a timer upon 
start up of the Switching power converter, and wherein the 
switch controller is configured to detect a fault condition if the 
sensed Voltage indicates that the output Voltage fails to rise 
above a first fault detection voltage prior to the timer reaching 
a first fault detection time. 

9. The switching power converter of claim 8, wherein the 
switch controller is further configured to detect the fault con 
dition if the sensed Voltage indicates that the output Voltage 
fails to rise above a second fault detection voltage prior to the 
timer reaching a second fault detection time, wherein the 
second fault detection Voltage is greater than the first fault 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
detection Voltage, and wherein the second fault detection time 
is greater than the first fault detection time. 

10. In a controller, a method of controlling a Switching 
power converter, the Switching power converter including a 
transformer with a primary winding coupled to an input Volt 
age and a secondary winding coupled to an output of the 
Switching power converter, and a Switch coupled to the pri 
mary winding of the transformer, current through the primary 
winding being generated while the Switch is turned on and not 
being generated while the switch is turned off, the method 
comprising: 

generating a pulse signal for turning the Switch on and off 
monitoring a sensed Voltage representing an output Voltage 

of the Switching power converter, 
controlling Switching of the Switch to operate the Switching 

power converter in a continuous conduction mode while 
the sensed Voltage indicates that the output Voltage is 
less than a first threshold voltage; 

controlling Switching of the Switch to operate the Switch 
controller in an open loop discontinuous conduction 
mode while the sensed Voltage indicates that the output 
voltage is above the first threshold voltage and below a 
second threshold Voltage, wherein the Switching con 
troller controls switching of the switch independently of 
the sensed Voltage when in the open loop discontinuous 
conduction mode, and wherein the first threshold volt 
age and the second threshold Voltage are less than a 
desired regulation Voltage of the Switching power con 
verter; and 

controlling switching of the Switch to operate the Switching 
power converter in a closed loop discontinuous conduc 
tion mode while the sensed voltage indicates that the 
output Voltage is above the second threshold Voltage. 

11. The method of claim 10, wherein controlling switching 
in the continuous conduction mode comprises: 

controlling Switching of the Switch Such that a transformer 
magnetizing current remains above Zero. 

12. The method of claim 10, wherein controlling switching 
in the open loop discontinuous conduction mode and the 
closed loop discontinuous conduction mode comprises: 

controlling Switching of the Switch Such that a transformer 
magnetizing current drops to Zero before the Switch is 
turned on in each Switching cycle of the Switch. 

13. The method of claim 10, wherein controlling switching 
in the open loop discontinuous conduction mode comprises: 

controlling Switching of the Switch Such that a Switching 
frequency and peak primary side current are maintained 
at predefined levels regardless of the sensed Voltage. 

14. The method of claim 10, wherein controlling switching 
in the closed loop discontinuous conduction mode comprises: 

controlling Switching of the Switch Such that the output 
Voltage is maintained within an allowable error range of 
the desired regulation Voltage. 

15. The method of claim 10, wherein the second threshold 
Voltage comprises a predefined percentage of a desired regu 
lation Voltage, wherein the predefined percentage is in a range 
of 60%-80%. 

16. The method of claim 10, wherein the first threshold 
Voltage comprises a predefined percentage of a desired regu 
lation Voltage, wherein the predefined percentage is in a range 
of 10%-25%. 

17. The method of claim 10, further comprising: 
activating a timer upon start up of the Switching power 

converter, and 
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detecting a fault condition if the sensed Voltage indicates 
that the output voltage fails to rise above a first fault 
detection Voltage prior to the timer reaching a first fault 
detection time. 

18. The method of claim 17, further comprising: 5 
detecting the fault condition if the sensed Voltage indicates 

that the output voltage fails to rise above a second fault 
detection Voltage prior to the timer reaching a second 
fault detection time, wherein the second fault detection 
Voltage is greater than the first fault detection Voltage, 10 
and wherein the second fault detection time is greater 
than the first fault detection time. 
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